Researchers with large genotyped populations have routinely sought to link these genotype data to a wider range of phenotypes to address new research questions. Trends in scientific research toward the use of large-scale biobanks and long-term population-based longitudinal studies challenge the traditional role of informed consent as a social contract between a single research team and an individual participant.
Informed consent has generally operated under a model in which one subject agrees to participate in one study using a single consent form. However, when materials are collected and held indefinitely, with the intent of sharing data with outside researchers, the future uses of data and samples are not completely known, and, consequently, risks and benefits cannot be precisely defined at the point of consent. 8 When participants are not informed about specifics of future studies using their samples, they are requested and expected to endorse a biobank's process of data management and to trust its ethical oversight and stewardship of information. 9 From a biobanking policy perspective, three main options for opt-in consent seem plausible. First, broad or blanket consent would ask individuals to participate in unknown future research, with the recognition that future studies would be subject to ethical review. Second, study-by-study consent would entail researchers or biobanks approaching individuals on an ongoing basis to obtain consent for a specific research projects. Third, individuals might preselect the types of research they would like their information and samples to be used for. Broad and study-by-study consent models are among the most frequently used current policies and practices being used in longitudinal cohort studies and retrospective biobanks. 10, 11 If enacted, a proposed change to the Common Rule that would require consent for research using deidentified biospecimens could greatly increase the use of broad consent models.
Purpose: Some large population biobanks that house biospecimens and health information for research seek broad consent from participants, whereas others reconsent for specific new studies. Understanding research participants' attitudes and preferences about broad and narrow consent may improve recruitment, retention, and public support.
Methods: An online survey was conducted among a representative sample of 4,659 US adults to examine relationships between consent preferences and demographic factors, beliefs about privacy and the value of research, and the perceived trustworthiness of researchers.
results: Participants preferred broad consent (52%) over studyby-study consent models (48%). Higher preferences for study-bystudy consent observed among black non-Hispanic respondents and respondents with lower income and education were explained by differences in the prevalence of one or more beliefs about the study. Respondents with fears about research and those who would feel respected if asked for permission for each research use preferred study-by-study consent. Preference for broad consent was related to the desire not to be bothered with multiple requests and the belief that the study could lead to improved treatments, cures, and lives saved.
conclusion: These data suggest that support for broad consent is contingent on sufficient information about data use. Work with research participants and community leaders to understand, respond to, and influence opinions about a given, ongoing study may improve uptake of broad consent.
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The choice of a consent model has important implications for biobanks and cohort studies. Although many researchers see the use of broad consent as a practical, efficient way of maximizing the research uses of collected data and samples, such models require forethought about what research activities will and will not be supported. In cases in which biobanks wish to share their data with the wider research community, policies on data sharing and privacy protection must be drafted that meet the requirements of institutional review boards and participants. As biobank managers and researchers consider which consent model to deploy, it may be useful to consider the perspectives of potential participants. Measuring the acceptability of broad consent as compared with a more traditional study-by-study method and examining the beliefs and opinions that underlie a reluctance to participate in studies using onetime consent for open-ended future uses may help researchers decide whether broad consent is indeed appropriate or how to address public concerns and improve recruiting of representative study samples. In light of litigation that has successfully challenged state public health departments' collection and use of newborn screening bloodspots and related health information, 12 the question of what constitutes a clear, adequate, and acceptable consent process is relevant to all biobanks.
To inform the design of effective consent and concomitant participant engagement, it may be useful to measure potential research participants' preferences and explore the beliefs that lie behind them. For example, individuals with fears about the scope of the research process may be more inclined to participate in research if consent and ongoing engagement efforts provide detailed explanations of the types of work the biobank will and will not support. As part of a public consultation project to understand the conditions under which the general public might participate in a large population study proposed by NHGRI, a survey was administered to a representative sample of adults aged 18 years or older (n = 4,659). 13 Using the results of this survey, we examine the relationships between preferences for informed consent (broad versus study-by-study) and demographic characteristics including age, education, sex, race or ethnic group, income, and urban/ rural residency, as well as respondents' privacy concerns and their attitudes about research and researchers, including general trust of research, and general and specific concerns and values related to research participation. Because of the movement in the field toward broad consent models, the discussion addresses some of the issues and considerations our findings bring up for studies considering or using broad consent. However, this should not be construed as endorsement of broad consent. The study was not conducted to support the use of one consent model or another but to collect and interpret public opinions to inform study design and policy.
MAteriALs And MetHods
The survey reported here was part of a larger study, conducted as a cooperative agreement with the NHGRI, to measure public attitudes about a hypothetical nationwide National Institutes of Health-sponsored cohort study of 500,000 participants to study gene-environment interactions contributing to common disease. To successfully launch and conduct a study recruiting from the diverse US population, public attitudes about such work were collected and reported. The survey followed a series of focus groups conducted across the United States. 14 A 177-item online survey was developed to collect data on public opinions about a national cohort study proposed by the NHGRI and fielded between 14 December 2007 and 31 January 2008. A Web-based questionnaire, based on focus groups conducted nationwide in 2007, consisted of four main sections. 13 Respondents answered questions about their health, values, and beliefs and then watched a 3-min video that described the goals and design of the proposed cohort study and that is available online. 15 Following the video, participants answered questions about their interest in and concerns about the study. The company Knowledge Networks (KN) managed sample selection and online administration of the survey. At the time, KN maintained a probability-based sample of ~40,000 US adults enrolled using random-digit dialing. For people who were interested in participating but lacked Internet access, KN provided a laptop/tablet and Internet access. KN sample members were routinely cycled out of the pool, and new members were brought in to avoid survey fatigue. Participants in KN's sampling pool were representative of the general population in terms of age, sex, race/ethnicity, and other core demographic and socioeconomic variables. 16 During the field period, 8,735 potential respondents aged 18 years and older were randomly sampled from KN's Web-enabled master panel of US residents; the goal was 4,910 respondents, including a random sample of 3,700 and oversamples of 480 black non-Hispanics, 480 Hispanics, and 250 people living outside of metropolitan statistical areas. 16, 17 Poststratification weights corresponding to the US Census demographic benchmarks for age, sex, household income, education, and race and ethnic background were calculated by KN for this survey sample, to account for the oversamples and to reduce bias from sampling error. A separate set of poststratification weights was also created for each of the oversampled groups to enable analyses within each of these groups.
Analysis methods
The questionnaire included 22 Likert scales that measured attitudes about research and researchers both generally and in the context of the cohort study. Independent variables were grouped into one of four categories of factors that we expected would shape consent preferences: (i) trust, (ii) privacy, (iii) specific concerns about participating in the proposed NHGRI research project, and (iv) beliefs about the value of participating in research-i.e., whether it has social or personal benefit. The trust-related variables indicate a general trust (or mistrust) in researchers to be ethical. Privacy variables reflect an individual's general concerns about privacy infringements and the protection of medical data. We grouped specific concerns related to the NHGRI study in the third category. The fourth category
Original research article captures the value that an individual places on research both generally and with respect to the proposed NHGRI study in a series of questions about potential personal or social benefits.
To evaluate collinearity within and across the four groups of variables, we examined correlations between variables before fitting the statistical models. Correlations were not as high as anticipated, but in instances for which the correlation was >0.5, we reviewed the questions and determined which to keep in the model based on which question seemed to most directly measure the attribute of interest. Three variables relating to feelings of respect and involvement in the study were ultimately dropped from the model. For the remaining 19 variables, correlations did not exceed 0.44, and most were <0.1.
The outcome variable used to model consent preference was derived from 4,568 individuals' valid responses to the question, "In thinking about the consent you would give, would you prefer: to give your permission at the beginning of the study for all research projects that the oversight committee approves; to be asked for permission to use samples and information for each research project; [or] to preselect certain types of research from a menu of options. " We call these options "broad consent, " "studyby-study, " and "menu, " respectively. We included only those respondents who chose broad (46%, n = 1,704) or study-by-study (44%, n = 1,643) consent in the majority of our analyses because we were fundamentally interested in the differences between people who favored traditional study-by-study consent and broad consent. We came to this decision on the basis of three factors:
first, a relatively small number of individuals (10%, n = 386) indicated preference for the "menu" option; second, as de facto policy options, broad and study-by-study are the most feasible, and differences between them are being widely discussed in the literature on biobank consent; and third, preliminary analyses suggested that the difference between characteristics of those who prefer menu consent and study-by-study consent is minimal.
Participants who preferred menu consent and those with missing information for any of the dependent or independent variables modeled (n = 835) were excluded from the analysis, leaving a sample size of 3,347. Distributions of age, income, education, race and ethnic background, and rural residency were nearly identical between the group included in the analysis and those excluded for missing data (all P ≥ 0.10). Women were underrepresented in the group analyzed as compared with those excluded as missing (49 vs. 58%; P < 0.0001). In the final sample, 52% preferred a broad consent model, as compared with 48% who preferred study-by-study consent.
A series of three weighted logistic regression models were fitted to predict the probability that an individual would opt for broad consent rather than study-by-study consent. In model 1, we examined the effects of the demographic characteristics summarized in Table 1 . In model 2, the demographics and 19 additional covariates were used ( Table 2) . Model 3 included only factors with P values ≤ 0.10 in model 2. The Akaike information criterion was used to measure whether adding covariates to a model improved it or not. In this case, the Akaike . The three models were run for the entire data set, as well as for men and women, because of the nonrandomness of missing data between the sexes; differences between sexes are noted below. Marginal effects were calculated for the 12 variables in the final model. In this case, the marginal effect represents the percentage change in the support for broad consent that is associated specifically with a change in the value of one independent variable, adjusting for the other variables in the model. For example, looking in Table 3 at the belief that "the study could lead to improved treatments, cures, and lives saved, " the marginal effect of +14.7 means that, on average, the probability that people who share this belief will choose broad consent is 14.7% points higher than it is for people who do not believe the study will lead to improved treatments, adjusted for other covariates in the model. This calculation simplifies the interpretation of the effect of the independent variables on the probability of choosing broad consent, making it comparable to interpretations commonly seen in linear models. 18, 19 Regressions were performed using weights corresponding to US Census demographic benchmarks, to account for oversampling and to reduce bias from sampling error. A separate set of weights created for each of the oversampled groups enabled analyses within each of these groups.
resuLts
In total, 7,978 people were contacted to take the survey, and 4,659 provided valid responses, for an overall response rate of 58.4%. Weighted and unweighted demographic distributions of the complete survey sample were comparable to US Census figures for 2000.
16 Table 1 lists weighted and unweighted distributions of demographic variables; the sample is split nearly evenly with respect to men and women; 61% are white, non-Hispanic; 16% are black, non-Hispanic; and 18% are Hispanic; 70% have less than a bachelor's degree education; 19% live in a rural community; and three-quarters have annual household incomes <$75,000. The group of 3,347 analyzed here was comparable to the entire surveyed population with respect to demographics except for sex; as described above, women were slightly but significantly underrepresented among those who qualified for this analysis. In this study sample, slightly more people preferred broad consent to study-by-study consent than in the overall sample.
Predictors of a preference for broad consent over study-bystudy consent
The first model of demographic factors included age, sex, race/ ethnicity, education, urban or rural residency, and household income as predictor variables ( Table 1) . In model 1, older participants were significantly more likely to say they preferred broad consent, and women were less likely than men and black a Interpretation of marginal effects for dummy variables (example): on average, the probability that a woman would choose broad over study-by-study consent is 5.4% points lower than it is for a man. b Interpretation of marginal effects for continuous variables (example): on average, the probability of choosing broad over study-by-study consent increases 1.2% points for every 10-year increase in age.
non-Hispanic participants were less likely than white nonHispanics to say they would prefer broad consent. The observed difference between Hispanics and white non-Hispanics was not significant after adjusting for other demographic factors.
In model 2, 19 variables related to general trust of research, general privacy beliefs, concerns related specifically to participating in the proposed NHGRI study, and beliefs about the value of research were added to the six demographic variables ( Table 2) ; this resulted in a better specified model of participants' consent preferences than model 1, based on the difference in Akaike information criterion values ( Table 4) . Model 3, which included only factors with P values < 0.10 in model 2, achieved a slightly better fit than model 2 using fewer explanatory variables ( Table 4) . The 12 variables included in model 3 and their marginal effects on preference for broad consent are listed in Table 3 . All parameters in model 3 were highly significant.
demographic factors
The only demographic characteristics that remained significant in models 2 and 3 were age and sex. Older individuals are more likely to prefer broad consent (odds ratio (OR) for 10-year age increase = 1.07; P = 0.05) Overall, 54% of men and 48% of women chose broad consent over study-by-study consent. Sex remained a significant factor in the final model (model 3): adjusting for other variables in the model women were less likely than men to prefer broad consent (OR = 0.75; P = 0.008).
Women were significantly underrepresented in the sample of those with no missing data. To assess whether there were any major differences in the attitudes underlying men and women's preferences for broad consent, we stratified the sample by sex and examined the covariates in model 3 (data not shown). For both men and women, the two most important factors were the belief that study-by-study consent would make them feel bothered and concern about researchers having their samples and information. However, several differences were observed between men and women. The belief that "participating in the study would make me feel like a guinea pig" was significantly related to preference for study-by-study consent among women (OR = 0.62 for selection of broad consent; P = 0.01) but not among men (OR = 0.77; P = 0.15). The beliefs that study-by-study consent would make the participant feel more respected and involved and that participating in the study would be easy or would provide bad news about one's health were only significantly related to men's preferences.
General trust of research, general privacy beliefs
Beliefs about whether researchers uphold the moral values of society, whether they are dedicated people who work for the good of humanity, and whether they are biased were unrelated to consent preference. Likewise, none of the questions related to general beliefs about privacy were associated with a preference for consent, after adjusting for participants attitudes about the value of research and their specific concerns about the proposed study.
Beliefs about the value of research and concerns related specifically to participating in the proposed nHGri study
With the exception of concern about protecting one's privacy in the study, all of the variables measuring values and concerns about participating in the NHGRI-proposed research study were significantly and independently associated with preference for the study-by-study consent model. The most important of these were concerns about researchers having information about them (OR = 2.17; P = 0.000) and fear that data collected by the study could be used against them (OR = 1.79; P = 0.000). Of note, fear of government having their data was not a significant predictor after adjusting for other factors (P = 0.083).
Several of the variables measuring values about research participation were associated with consent preference. Those who would feel respected and involved if they were asked permission for each research study strongly preferred study-by-study consent. Respondents who believed that participating would "make me feel like I was contributing to society, " (OR = 1.85; P = 0.001) that the study would accelerate medical treatments and cures (OR = 2.20; P = 0.001), or that participating in the cohort study would be easy (OR = 1.59; P < 0.001) were all significantly more likely to prefer broad consent. In addition, those who said they would feel bothered if they had to give permission for each study were also significantly more likely to support broad consent (OR = 5.26; P < 0.001). A general belief in the value or benefit of research to society, i.e., "researchers studying genetics will find cures for serious diseases" was not statistically significant (P = 0.346). Table 3 shows the marginal effect of each belief on support for broad consent adjusting for the other factors in model 3. The greatest marginal effect is among those who indicated that they would feel bothered if they were asked permission for each research use. On average, the probability that someone would choose broad over study-by-study consent was 30% higher for those who said they would be bothered if asked each time as compared with those who said they would not. A preference for study-by-study consent was associated most strongly with the belief that study-by-study consent would make a person feel respected and involved, that researchers would have and could misuse samples and information, and that the "information collected by the study could be used against me. " Original research article discussion Overall, given a choice, more survey respondents would opt for broad consent over a study-by-study consent model, particularly if they are confident in or supportive of the details of the study. We hypothesized that general trust in the research enterprise, general concerns about privacy, and concerns and perceived values specific to participation in the study research would be associated with preferences for broad or study-bystudy consent models. Of note is that after people's feelings about the value of research and their concerns about participation in the proposed NHGRI research project were accounted for, more general concerns about research and privacy beliefs did not significantly influence consent preferences. This suggests that researchers may have the opportunity to influence acceptance of broad consent if they understand and can address potential participants' study-specific concerns. This finding is consistent with Hoeyer's literature review 20 that found that the type and context of a study has implications for informed consent policy choices.
As broad consent continues to be considered by researchers and recommended by research policymakers, it will be important to understand how to implement it in ways acceptable to the public. We are not trying to promote the broad consent approach but rather to discuss how our findings might be useful to those who are applying or considering broad consent methods. One example is the relevance of issues on privacy and trust. Participants' general concerns about privacy and trust in research were not related to consent preferences when controlling for other variables. By contrast, the factors associated with a preference for study-by-study consent basis reflect specific concerns about the proposed NHGRI study, such as who would have access to the data and how that data could be misused to harm or disrespect a participant. This finding suggests that for studies contemplating the use of broad consent, actions that build trust such as communicating details about research policies and procedures could provide transparency and examples of trustworthiness.
Preference for broad consent is also associated with valuing the conduct of streamlined research that would be easy for participants and that might increase the potential for findings to treat or prevent disease and perhaps contribute to participants' feelings of accomplishment. On the other hand, the positive feelings of involvement and respect that being asked for consent would confer were strongly related to preference for study-bystudy consent.
Although several demographic covariates, including race and ethnic group, income, and education, initially appeared to be related to consent preference, these associations were no longer significant when beliefs were added to the model, indicating confounding with the demographic factors. If beliefs that dissuade people from broad consent cannot be addressed in these groups, studies using broad consent may have trouble recruiting in these segments of the population. Moreover, even after accounting for their beliefs, women and younger respondents were significantly less likely to choose broad consent. Studies using broad consent need to pay particular attention to these groups.
However, to the extent that researchers can work with potential participants and community leaders to pursue "active trust" 21, 22 by informing and responding to specific concerns and opinions about a given study, our data suggest that acceptance of broad consent may improve. As details of data use and the types of studies conducted using biobank or longitudinal cohort study samples evolve over time, studies using broad consent may also need to consider ongoing communication efforts to ensure trust and public support, given participants' interests in specific data uses and governance. As the Department of Health and Human Services considers rule changes that would encourage or require the use of brief, broad consent forms for research on broader categories of biospecimens, researchers may need to consider the development of supplementary materials (such as a Web page or Frequently Asked Questions document) that would promote transparency and address the questions for those who have them.
Given the broad digital access in the United States and the cost effectiveness of electronic outreach, 23 Internet-based solutions including the use of social media could improve researchers' communication and increase transparency, as well as research participants' autonomy and control of their preferences. 24 Investment in electronic infrastructure and online recruitment could make various consent models easier to implement and maintain over time. Online access would allow research participants to monitor use of their stored data and samples, potentially allaying fears of misuse while demonstrating responsible stewardship to research participants. 25 
Limitations
The goal of our analysis was to identify correlates to preferences for broad and study-by-study consent, assuming the respondent would participate in the cohort study. The order of questions and information in the survey could have influenced choices about how a respondent answered questions. For example, questions about specific study concerns (concern about protecting privacy, about government and researchers having samples and information) followed after participants were asked to choose their consent preference. With a preference already chosen, participants might have responded to these attitudinal questions differently than if they had not been afforded this choice.
We did not examine preferences among actual biobank participants; survey participants were members of the general public. We did not examine in detail the differences between those who preferred broad or narrow consent and those who would prefer menu-based consent. However, preliminary analyses indicated that people supporting menu consent shared beliefs with those who preferred study-by-study consent. As menu consent becomes a more feasible and practicable way of managing consent, preferences for menu consent should be explored further. The survey also focused specifically on a proposed, federally-funded, genetic study; the relevance of these findings to other longitudinal cohort studies and biobanks in general warrants additional investigation. Further systematic study of the attitudes of participants in these types of studies would address the generalizability and limitations of these findings. Perhaps more important, studies of such research participants will help to measure whether particular practices used in consent, community engagement, or study communication processes can successfully address some of the worries that appear to detract from the acceptability of broad consent models.
conclusion
This analysis suggests that the current trend toward broad consent in genetic biomedical research may meet with acceptance similar to study-by-study consent so long as processes are evaluated and continually improved. Of those who chose either broad or study-by-study consent, a narrow majority preferred broad consent. Those with greater fears about research and those who would feel respected if they were asked for permission for each study prefer a model that allows participants to exercise a greater degree of autonomy by responding to specific requests for data usage. Factors associated with a preference for broad consent included the desire not to be bothered with multiple requests and the belief that the study could lead to improved treatments, cures, and lives saved. We found education, income, urban/rural residency, race/ethnicity, and the measures of privacy were not significant predictors of consent preferences after adjusting for beliefs and attitudes. Women and younger participants were more likely to prefer study-bystudy consent. General concerns about privacy and the research endeavor were unrelated to consent preference.
The ability to communicate, operate transparently, and demonstrate active respect for research participants appear to be fundamental to robust consent and research enterprises. In all large genomic studies, and particularly those using broad consent, participant and community engagement that can be done before and across the life of biobank-based resources should be considered. Engagement work that measures, acknowledges, and incorporates participant perspectives, or that communicates changes in the intent of the ongoing study and findings of the research could be a valuable tool in the recruitment and retention of participants. The practicality and acceptability of electronic and Web infrastructures to support the contact of participants in biobanks and long-term cohort studies according to their preferences could be explored as an avenue for making both models accessible.
